GABAergic interneurons, which are highly diverse, have long been thought to contribute to the timing of neural activity as well as to the generation and shaping of brain rhythms. GABAergic activity is crucial not only for entrainment of oscillatory activity across a neural population, but also for precise regulation of the timing of action potentials and the suppression of slow-timescale correlations. The diversity of inhibition provides the potential for flexible regulation of patterned activity, but also poses a challenge to identifying the elements of excitatory-inhibitory interactions underlying network engagement. This review highlights the key roles of inhibitory interneurons in spike correlations and brain rhythms, describes several scales on which GABAergic inhibition regulates timing in neural networks, and identifies potential consequences of inhibitory dysfunction.
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Inhibitory Effects on Multiple Timescales
Inhibitory regulation of neural activity occurs on several distinct but interacting timescales. GABAergic influences on local circuits are constrained by the intrinsic properties of interneurons, which vary across diverse populations. The postsynaptic impact of inhibitory transmission is further sculpted by short-and long-term synaptic dynamics. In particular, synaptic depression and facilitation can rapidly modulate both the excitatory synaptic recruitment of interneurons and their postsynaptic efficacy in regulating spiking in their targets on a millisecond timescale. In turn, the actions of synaptic inhibition in a neural network can have opposing impacts on correlations at fast (>30 Hz) and slow (<1 Hz) timescales. Although inhibition promotes fast spike synchrony between excitatory neurons, it suppresses slower noise correlations between the firing rates of those neurons, an effect that scales with network size and firing rates. On much slower timescales, integration of interneurons into local circuits is required for proper progression of circuit development. In developmentally immature circuits, interneurons organize large correlated population events. The subsequent shift from depolarizing to hyperpolarizing GABAergic inhibition is associated with a robust change in the overall timing of population activity, with large population events giving way to more decorrelated activity.
Dysregulation of inhibition can lead to loss of temporal organization, exhibited as either too much or too little correlated activity. Substantial disruption of GABAergic inhibition, whether from loss of interneurons or from decreased synaptic impact, is associated with hypercorrelation and seizure. Dysfunction of inhibition associated with neurodevelopmental disorders can lead to disruption of oscillations and loss of fine spike synchrony. Despite substantial recent advances, key aspects of inhibitory function remain unclear, including the respective roles of the diverse GABAergic populations in temporal control at each timescale.
Highlights
The intrinsic and synaptic properties of GABAergic interneurons shape their impact on temporal patterns in the local circuit.
Synaptic inhibition enhances shorttimescale correlations in spiking, such as spike synchrony, but suppresses long-timescale correlations, such as noise correlations.
Different inhibitory interneuron populations, including parvalbumin and somatostatin cells, may engage distinct rhythms in the cortex.
The emergence of circuit timing characteristics is shaped on the developmental timescale by multiple interneuron populations.
